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ABSTRACT

The paper presents the way to implement a Fuel Handling System (FHS) data base in order to
carry out an informatic system for training, examination and knowledge evaluation. The
sessions, are organized as "ebooks" represent a way of modern learning and thoroughness,
examination and assessment of the professional knowledge.

The use of these lessons for personnel training, working in the FHS area, leads both to the
increase of the learning quality and reduction of the time for studying activities. The student is
getting the advanced professional knowledge regarding the technological equipment operation
by graduating the session.

This e-learning system is designed and used to keep and develop, in time, deep in knowledge,
about Fuelling Machine Head construction and working, for F/M Test Rig operators and
technicians, from INR Pites ti. The e-lessons for F/M snout clamp, magazine and separators
have been already implemented, the rest of materials in data base is following.

Key words: eLearning , SIPEC, CANDU, fuel handling, knowledge

Introduction

Education using the computers, named eLearning, has had an explosive development during the last
years, and has become one of the integrated components in the educational strategies in most of
companies and universities. The term elLearning is associated to all the programs and materials,
distributed to beneficiaries in electronically form, that are used in a learning process, instruction or
education.

Was initiated and developed an Informatics System for Perfecting and Evaluating the Professional
Knowledge - SIPEC Pro (fig. 1), in order to consolidate the professional knowledge of the implied
personnel in operation activities and exploitation of the test rig, so they can be able to test the F/M Head
(fig. 2) for the CANDU reactor. The SIPEC Pro is currently in the development stage.
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Fig.1 The Informatics System’s logo

The courses in electronic format (eBook) that are found in the SIPEC, contain information and knowledge
about the construction and function of the Fuel Handling System’s equipment, the adjustment, calibration
and maintenance operations, all collected in a dedicated data base [1], [2].

Until now the data base was completed with information regarding the F/M Head, its hydraulic driving
system, as well as the new and spent fuel transfer equipment. In the future the data base is going to be
completed with the information regarding the testing of the F/M Head, and of the spare Rams.

There were implemented electronic courses for the coupling device, the F/M Head storage and separators;
in the future it will be realized for the rest of the materials existing in the data base.

Fig.2 F/M Head —Virtual assemble image

The F/M Heads are mechanical robotics, with hydraulic driving, from the Fuel Handling System, which
has the following functions in the nuclear plant:
e Takes the nuclear fuel in its own magazine and transports the fuel between the new fuel port and
reactor, in order to supply the reactor;
e After positioning in front of the reactor, at the upstream end-fitting of the fuel channel, it checks
the correct alignement and the channel sealed coupling;
e Opens the fuel channel, which has a 23 kg/s heavy water flow, a 110 bars pressure and 307°C
temperature and transfers the new fuel to the channel,



e Closes the fuel channel and leaves the reactor room towards the maintenance room, where it stays
until the next fuel charging operation.

Simultaneous with this operation, at the downstream end-fitting of the same fuel channel, another F/M
Head takes over the spent fuel, according to the following operations:

e After positioning and moving in front of the reactor, it checks the correct alignment at the
downstream end-fitting of the fuel channel, subject to the charging / discharging operation, and
executes the sealed coupling with the fuel channel;

¢ Opens the fuel channel and takes over the spent fuel inside its own storage;

e Closes the fuel channel and leaves the reactor room towards the spent fuel port where it will
transferee the whole fuel charging;

e It moves toward the maintenance room, where it stays until the next fuel discharging operation.

Next it will be presented examples of the electronic courses for different F/M Head subassemblies.

DESCRIPTION
F/M Head includes the mechanisms necessary (fig. 3) for fuel bundle manipulation, as it follows:

e The coupling device assembly is a mechanism that blocks the fuel channel terminal fitting and
seals at pressure the F/M Head on terminal fitting;

e The F/M Separators assembly realizes the fuel bundle separation from the bundles column, and so
facilitates their stocking in the F/M Head storage;

e The F/M Magazine is an assembly that shelters the fuel bundles that are to be inserted in the
channel or for the ones removed from the channel, as well as for the protection plugs, channel
shutting plugs, bundles guiding sleeve, Ram adaptor and FARE tool;

e Ram pushers, or the telescopic cylinders, is an assembly used to remove or to put in place the
plugs, installs or retreats the bundles guiding sleeve and manipulates the fuel bundles.
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Fig.3 F/M Head subassemblies

The fuel swooping operations must be possible when the CANDU reactor is at nominal power or when is
shut down, in any possible temperature or pressure range. The fuel is always charged in the reactor in the
coolant flow direction. There is also a possibility that the column bundles can be moved with 2 to 4 cm
between the protection plugs and the two heads of the pressure tube, in order to compensate the column
thermic dilatation.



During the reactor operation, the bundles are moved from the core of the reactor only by the fluid flow
action, under the action of the hydrodynamics forces exerted above it. Because the flow through the fuel
channel varies according to its position, for the channels in the peripheral zone on which the flow is
reduced, it is necessary using of the FARE device (Flow Assist Ram Extension).

This device isn’t necessary for the tubes in the central zone of the reactor core, here being enough the
FAF method (Flow Assist Fuelling). The FARE device is charged at the end of the bundle column, after
the fresh fuel bundle had been inserted in the upstream machine, and is removed after the bundle column
had had reached on position.

F/M Snout Clamp - it is positioned in the front of the F/M Head storage carcass, forming an extension of
the pressure zone between the storage carcass and the terminal fitting of the fuel channel, also containing
the mechanisms that allows the F/M Head to couple on the terminal fitting, to unlock the channel closure
and to assure the air-tight coupling. Its functions are: the aliening of the F/M Head with the terminal
fitting and maintaining an air-tight without losses between the machine head and the terminal fitting.
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4. Descriere constructiva

Dispozitivul de cuplare (DC), pozitionat in partea frontala a
capului MID, realizeaza legatura etansa intre carcasa magaziei
MID si fitingul terminal al canalului de combustibil, atunci cand
masina opereaza pe fata reactorului la portile de combustibil
proaspat sau ars, auxiliare si de calibrare.

Subansamblele principale ale dispozitivului de cuplare sunt:

-antena, care sesizeaza dezalinierea coaxiala a capului
MID, in raport cu fittingul terminal, inainte de cuplare;

-traductori de pozitie, sau sonde DC, sesizeaza daca
suprafetele de contact ale DC si fitingului sunt paralele si
suficient de aproape pentru a incepe operatia de cuplare;

-mecanim de fixare, sau bacuri, mentine capul MID in

contact cu fitingul, dupa ce cuplarea a fost realizata, si asigura
astfel incinta de presiune pe toata perioada in care canalul de
presiune este deschis;

-mecanism de blocare, sau zavor de siguranta, previne
decuplarea accidentala a capului MID
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Fig.4 — F/M Head Coupling device
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Fig.5 — F/M Head Coupling. Components

F/M Magazine — is an equipment central positioned, between the snout clamp and the pushers, used for
new or spent fuel bundle deposition or transportation toward or from the reactor, ant the storage of
different tools and devices necessary in the fuel changing operations.
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Fig.6 — F/M Head storage

The main magazine subassemblies (fig. 6 & 7) are:
e Rotor assembly, that has 12 tubes with different destinations;
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e Action— indexing mechanism, that assures the correct positioning of the tubes;
e Breakdown action mechanism, for manual auctioning of the F/M Head Magazine.
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Fig.7 — F/M Head storage. Constructive description

F/M Separators — two assemblies of the F/M Head (fig. 8), mounted behind the coupling device, that:
o Feels the position of the gap between two fuel bundles, between a fuel bundle and the biological
protection plug or between the fuel bundle and the Ram C adaptor;
e Pushes the bundles in the storage and prevents the axial movement of the fuel column.
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combustibile, dintre un fascicul si adaptor sau dintre un fascicul

si un dop protectie biclogica;
- impiedica deplasarea axiala a coloanei de combustibil
sub actiune, imping cate o pereche de fascicule pe ultimii L —

127mm de deplasare in tubul magaziei si sesizeaza pozitia
RAMB

4y ansamblul cilindrii telescopici (RAM) cuprind o serie
de sase wburi concentrice montate in carcasa cilindrii i
asamblate de carcasa magaziel print-o brida si un inel de
etansare Grayloc.

Ansamblul cilindri telescopici serveste la: montarea/demontarea
dopului de inchidere si a dopului de protectie biologica, ale
canalului; manipularea dopului MID, a mansonului de ghidare
impreuna cu scula manscn, impingerea fasciculelor de
combustibil in canalul reactorului si sustinersa liniei  de
combustibil impotriva fortel debitului din canal
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Fig.8 — F/M Head separators Sassembly
The main subassemblies of the separators (fig. 9) are:

¢ Sliding assembly — constituted by a palpator and a pusher (or a retractor) and two sides stoppers,
each one being put in function by a piston;

e Potentiometers and magnetic microswitchers assembly that seizes the separators position.
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Fig.9 — F/M Head separators assembly. Constructive description

The separators are in rest in normal function position (fig. 10).

apul MID. Separatori

File Edit View Go Text Help

C130.1
BSI 35212

Capul MID. Separatori
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Functionarea separatorilor la descarcarea combustibilului
Ansamblul  separatorilor  (stanga  si dreapta) lucreaza
concomitent, realizand aceleasi operatii

In pozitia normala de funclionare (adica In repaus), cele patru
pistoane sunt presurizate pe partea posterioara astfel incat
opritorii, palpatori si retractorii sunt RETRASI {sau SCOSI), cu
stiftul de ghidare al opritorului in contact cu partea dinspre
reactor a bucsei de ghidare. In plus, cand opritorul este in pozitia
scos este insertat elementul de blocare (zavorul de siguranta) al
opritorului (zavor bocat)

Cand MID-ul din aval e cuplat la canalul de combustibil pentru
preluarea de combustibil ars, RAM-ul cu adaptorul cuplat
avanseaza printr-un tub gol &l magaziei MDD destinat
combustibilului. Coloana de fascicule va fi impinsa spre MID-ul
din aval, sub actiunea data de curgerea fluidului de racire prin
canal

Dupa ce RAM B a fost retras catre pozitia REBQ (la aceasta
pozitie, interstitiul sau planul de separatie dintre al doilea si al
treilea fascicul de combustibil este la o distanta de 127 mm in
fata opritorului ] si oprit in aceasta pozitie, intra in actiune
separatorii
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Fig.10 — The separators in rest
It is mentionable that at the end of each electronic course a questionnaire appears from the presented
material, named “quiz” (fig. 11) its structure has been conceived so the complexity grade can determine
different grades of difficulties.
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12. Test de verificare (cont.)

8) La partea posterioara, suportul central este prelucrat exterior pentru a asigura jocul necesar, pentru pozitionarea unui subansambilu

MID; care este subansamblul MID care se pozitionsaza in aceasta pozitie, cu MID-ul cuplat?

O separatori,

O magazia MID;

O ansamblu impingatori.

Bubmit
GClick Submit to check your answer, then click Next to continue.
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Fig. 11 — Quiz
Results
In this paper it is presented the execution mode for the courses in electronic format, parts of the
Informatics System for Perfecting and Evaluating the Professional Knowledge (SIPEC Pro) of the FHS

personnel, with the help of the Toolbook Instructor program, using a data base with information and
knowledge about the FHS function.

Conclusion

Next to the practical activities conducted in the technological installations, this courses system contributes
to the maintaing and developing of the human resources used in testing and operating of the F/M Heads at
the RATEN/ICN.
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